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New Instrument Facilitates Testing of Goggle and 
Sun-Glass Lenses 


A new instrument,’ developed by Dr. Francis E. 
Washer of the National Bureau of Standards. to meas- 
ure spherical and chromatic aberration in lenses is 
proving very useful for the rapid testing of industrial 
eye-protective goggles and sun glasses. Outstanding 
features of the apparatus are simplic ity, accuracy, and 
sensitivity. Accurate readings can be quickly obtained 
by an operator without special training. and a large 
number of routine determinations can be made in a 
short time. 

In the design of lenses, reliable data on longitudinal 
spherical and chromatic aberration yield valuable in- 
formation on expected pe s-rformance and indicate the 
direction to be taken in improving the design. How- 
ever, measurement of these quantities by the ordinary 
methods on an optical bench is usually a long and 
tedious process. To expedite inspection of lenses in 
a research project sponsored by the Air Force, the 
Bureau has developed apparatus for obtaining such 
data rapidly and conveniently. The instrument pro- 
vides complete information on spherical and chromatic 
aberration in less than an hour for an average lens: to 
obtain equivalent results by an optical-bench method 
would require 4 hours or longer. 

When the properties of the new instrument were in- 
vestigated, it was also discovered to be ideally suited 


1 For further technical details, see An instrument 
tudinal spherical aberration of lenses, by Francis | 
NBS 43, 1387 (1949) RP2015. 
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for the rapid eee of the small refractive pow- 
ers of goggle and sun-glass lenses. Appreciable refrac- 
tivity in these lenses may be harmful to the wearer, and 
measurements must be made in routine fashion by man- 
ufacturer or purchaser to check conformance with spec- 
ifications. In the past, accurate testing of these lenses 
has been difficult because of the very small range of al- 
lowable refractive power—from 0.00 to 0.06 diopter 
for lenses obtained under Federal Specifications. This 
range covers only one-half of the smallest scale division 
on the usual testing instrument. The testing process 
has also been very time consuming. The new instru- 
ment, however. easily and rapidly measures the refrac- 
tive powers of eye- protec tive lenses to the nearest hun- 
dredth of a diopter. 

Longitudinal spherical aberration is defined as the 
variation in focal length for different annular zones of 
alens. The instrument developed by the Bureau deter- 
mines this property by use of diaphragms that readily 
isolate successive zones of the lens. Then if the lens 
under test is not in focus for the given zone. the image 
of a reticle, consisting of an illuminated cross. is 
doubled on a viewing screen. The procedure for test- 
ing a lens thus involves the location of the single-image 
position of the reticle for each zone of the lens. 

The apparatus consists of a movable illuminated reti- 
cle. a sensitive gage to record the movement of the 
reticle. a collimating lens. one movable and one fixed 
diaphragm, and a viewing screen. The fixed diaphragm 
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The Bureau’s new instrument for measurement of longi- 
tudinal spherical and chromatic aberration in lenses is C ~ : 

also proving useful for rapid determination of small onte nt s 

refractive powers of industrial eye-protective goggles : - B 

and sun glasses. Appreciable refractivity in these Jenses New instrument facilitates testing of goggle and 
may be harmful to the wearer. The principle of the sun-glass lenses ............0eeeeeeeeeseeeceeees 137 
instrument is illustrated in the diagram at the bottom 
of this page. 
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In the instrument for measuring lens aberrations, light from the reticle, R, which is near the true focal plane of 
the lens under test, passes through the test lens, L.. The diaphragms, D,) and D,, intercept all light emerging from 
L,, except for two small cylindrical beams that pass through the small openings O; and OQ). These beams would 
normally be brought to a focus by lens L; at J in the plane 8S’. However, the viewing screen, S, lying in the focal 
plane of L,, intercepts the light so that the observer sees two images, I; and I,, on screen S._ For the lens illustrated, 
if R moves to R’, the two images |, and I, coalesce to form a single image at S. if R moves beyond R’, the images 
again separate, but I; and J, interchange their positions, and I lies between L; and S.. When R and R’ coincide, 
the reticle is at the focus of lens L, for the given zone, the beams of light passing through the openings O,; and O, 
are parallel to each other and to the optic axis, and a single image appears on screen S. The instrument illustrated 
above makes use of a plane mirror below the table to produce images of the reticle on a screen in the foreground, 
which may be viewed through the eyepiece by a seated observer. 
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Light from the reticle, which is ordinarily in or near 
the true focal plane of the lens under test, is converged 
by this lens to produce a parallel or nearly parallel 
beam. The diaphragms together intercept all of this 
emergent light except two small cylindrical beams that 
pass through the small openings in the movable dia- 
phragm. If the reticle is in the focal plane of the iso- 
lated zone of the test lens, these two beams are then 
converged by the collimating lens to form a single 
image of the illuminated reticle on the viewing screen; 
otherwise two distinct images appear on the screen. 
In measuring the spherical aberration of a lens, the 
gage is read to determine the change in the single- 
image position of the reticle from one zone to the next, 
and the difference between successive readings is the 
longitudinal spherical aberration, 4/, that exists be- 
tween the two selected zones. The procedure can be 
extended to cover the entire lens. and complete data on 
longitudinal spherical aberration obtained. When the 
change in focus 4/ is plotted against zone radius r, the 
typical longitudinal spherical aberration curve results. 
To provide data on longitudinal chromatic aberration. 
a series of filters is interposed in the light path. and 


Concrete Shields for 





The shielding requirements for adequate protection 
of personnel from gamma rays emitted by cobalt 60. 
an artificial radioactive isotope. have been determined 
in an experimental investigation by J. Kennedy. 
H. O. Wyckoff. and W. A. Snyder of the Bureau’s X-ray 
laboratory.” Cobalt 60. now available from the Atomic 
Energy Commission for many scientific purposes, has 
important and growing uses in the gamma-ray treat- 
ment of cancer. in animal-nutrition studies, and as a 
radiation standard. Because it is a more nearly mono- 
chromatic gamma-ray source, cobalt 60 is superior to 
radium as a radiation standard for the calibration of 
measuring instruments in roentgen units. Cobalt 60 
emits both beta and gamma rays and has a half-life of 
5.3 years. The beta rays have energies ranging up to 
0.31 million electron volts, whereas the gamma rays 
have energies of 1.1 and 1.3 million electron volts. 
Studies of the effectiveness of concrete absorbers 
were initiated by the Bureau because concrete is widely 
employed in the construction of radiation barriers for 
laboratories and hospitals. Three distinct processes 
contribute to the attenuation of gamma rays in con- 
crete absorbers: Compton absorption and scattering. 
photoelectric absorption, and pair production. In 
each kind of interaction, all or part of the initial energy 
of the gamma rays is given up to the atoms of the ab- 
sorbing material, produci ing secondary photons of lower 
energy. In the case of cobalt 60. the original gamma 
rays have an energy of about 1.000.000 electron volts, 
so that the only kind of secondary radiation of 
any importance is produced by Compton  scatter- 
ing. In such scattering. the total measured radia- 


* For further technical details, see Concrete as a protective barrier for gamma 


rays of cobalt 60, by R. J. Kennedy, H. O. Wyckoff, and W. A. Snyder, J. 
Research NBS (Feb. 1950). 








curves of 4/ versus r are plotted for a succession of col- 
ors. In general, the properties of lenses having focal 
lengths ranging from 2 to 35 inches and diameters be- 
tween 1 and 4 inches may be studied in this way. 
When the instrument is used to test the refractive 
power of goggle (or sunglass) lenses, the previous test 
lens is replaced by another collimating lens, and the 
goggle lens is placed in the parallel light beam between 
the collimating lens and the movable diaphragm. If 
the goggle lens has any spherical refracting power, the 
image is doubled just as it would be for spherical aber- 
ration in the collimating lens. The two images may 
be made to coalesce by moving the reticle. ‘and the 
amount of movement necessary is a measure of the 
spherical refracting power of the goggle lens. For 
example, when a collimating lens of 90-millimeter focal 
length is used, a goggle lens having a spherical power 
of +0.06 diopter (the maximum allowable under Fed- 
eral Specifications) causes the pointer on the gage to 
move 19 scale divisions. The tolerance hands on the 
gage can thus be set for 19 divisions, and goggle lenses 
can be rapidly tested for compliance with Federal 
Specifications. 
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tion consists of two parts: The direct gamma radia- 
tion, which comes from the source as primary radia- 
tion. and the remainder, which comes from the entire 
volume of the intervening barrier as secondary radia- 
tion. The fraction of the incident radiation that falls 
obliquely on the barrier has a longer path length than 
that falling normally on the barrier and hence a greater 


chance of being absorbed. This limits the effective 
volume of the absorber that can act as a secondary 
source. 

Low-energy secondary radiation is more readily at- 
tenuated by a barrier than is primary radiation. There 
will thus be a particular absorber thickness for which 
the rate of production of new secondaries is just bal- 
anced by absorption. This equilibrium condition did 
not appear. however, in the range of shielding thick- 
nesses considered in these studies. 

Narrow-beam attenuation data were obtained 
through the use of concrete absorbers in the form of 
small cylinders about 5 inches in diameter and 6 inches 
long. Absorbers of iron, copper. nickel. and lead were 
also studied. A lead shield with a conical center hole 
was used as a diaphragm to form a narrow beam of 
radiation, giving an irradiated area 2.5 centimeters in 
diameter on the absorbing material. A separate ex- 
periment was performed to demonstrate that this ar- 
rangement really provides narrow-beam conditions. 
For broad-beam attenuation measurements no dia- 
phragm was used, and the concrete absorbers were 
made in the form of 5.000-pound slabs, 8 feet by 8 
feet by 6 inches. The mean density of these concrete 
blocks was 2.35 grams per cubic centimeter. Broad- 
beam measurements were also performed with lead and 
steel absorbers. 
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ELECTRON OPTICAL SHADOW METHOD 
AAAS Photo Salon 


The electron-optical shadow method, a new technique 
developed by Dr. L. L. Marton and associates of the 
Bureau’s electron physics laboratory, makes it possible 
to photograph and study quantitatively electrostatic 
and magnetic fields of extremely small dimensions. 
(Above) The method is illustrated by an analogous 
experiment in light optics, in which a glass lens system 
(left center) replaces the electron lens and a piece of 
plastic deformed along its edge (left) represents the 
magnetic or electric field. The plastic deflects the light 
rays and causes distortion in the shadow image of a 
wire screen placed just beyond the back focus of the 
lens (center). (Below) The electron shadow of a fine 
wire mesh is distorted by the image of a magnetic re- 
cording wire. From the displacement and reduced mag- 
nification of the mesh, the absolute value of the mag- 
netic field intensity can be accurately computed. This 
photograph was awarded first prize in the Third An- 
nual International Photography-in-Science Salon of the 
American Association for the Advancement of Science, 
September 1949 (right). 
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CELLS IN ONION ROOT TIP (left) 
Third Prize—AAAS Photo Salon 


A thin cross section of onion root in the zone of elonga- 
tion, showing cell walls and nuclei, is typical of the ex- 
tremely thin sections of plant and animal tissue that 
have been prepared at this Bureau using a new tech- 
nique in ultra-microtomy developed by Sanford B. 
Newman, Emil Borysko, and Max Swerdlow. Specimens 
prepared by this procedure have uniform thickness, 
large area, and undistorted structure. The method thus 
provides an inexpensive, practical means of preparing 
biological material for observation with the light or 
electron microscope in such fields as cancer research 
and the study of virus diseases. This specimen was 
fixed in medium chrom-acetic and chromium-shadowed. 
Total magnification, approximately > 1550; electronic 
magnification < 750; optical magnification, < 2.1. This 
photograph was awarded third prize in the Third An- 
nual International Photography-in-Science Salon of the 
American Association for the Advancement of Science, 
September 1949 (left). 





The investigation included an auxiliary experiment 
under broad-beam conditions to determine the amount 
of extraneous scattering measured by the ionization 
chamber. The amount of such scattered radiation 
varied from 2 to 8 percent, and an appropriate scat- 
tering correction was applied to the attenuation curves. 
The over-all experimental error is considered to be 
about 5 percent. 

The broad-beam attenuation curves for concrete and 
steel were found to be equivalent on the basis of mass 
per unit area. The broad-beam attenuation data can 
apparently be applied to all materials of low atomic 
number for barriers of the same mass. 
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The narrow- 


beam data show that the electronic absorption coefh- 
cient increases with atomic number, so that photoelec- 
tric absorption of million-volt photons is quite impor- 
tant in materials of high atomic number. Extraneous 
scattering effects were negligible in the narrow-beam 
attenuation studies. 

In general, the Bureau’s study shows that concrete 
can be used as an effective protective barrier for gamma 
rays from cobalt 60 where space limitations are not 
too severe. It is well adapted for use in storage vaults 
and other stationary installations, although lead and 
steel are more practical for shipping containers. 
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Impregnation of Leather 


Natural rubber greatly improves the durability of 
leather in a new treating process developed in the 
leather laboratory of this Bureau. Through the im- 
pregnation of leather with natural rubber, Bureau sci- 
entists have been able to increase wear and water re- 
sistance so that substandard leather—such as “belly- 
cuts” from steer hides—may be used commercially. 
This process is the most recent development in re- 
searches sponsored by the Army as a wartime conserva- 
tion measure. Earlier work at the Bureau explored 
the use of synthetic resins in the treatment of leather. 
and future investigations are now planned on the use 
of synthetic rubber and other materials. 

The impregnation is accomplished by simple immer- 
sion of the naturally porous leather in a solution of 
natural rubber. It is necessary to degrade the rubber 
stock by severe cold milling. This step results in good 
penetration and maximum rubber deposit in the leather. 
Solutions have been made from gutta-percha gum, 
Hevea, or Castilloa rubber. Hevea smoked sheet rub- 
ber proved to be the best of the group. a fortunate re- 
sult since it is less expensive than most other polymeric 
materials. If the grain layer is split away from the 
body of the leather and the stock allowed to remain in 
solution overnight, rubber penetration and distribu- 
tion are greatly improved. The deposited rubber may 
then be vulcanized at 80° C with the aid of an acceler- 
ator of the dithiocarbamate type without harming the 
leather. 
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Abrasion resistance of treated and untreated leathers 
was measured in the NBS abrasion machine, and abra- 
sion loss plotted against the number of revolutions of 
the machine. The effects of Hevea rubber and of split- 
ting off the grain prior to treatment are illustrated: 
Untreated and grain layer not removed, _); treated with 
19% Hevea rubber, grain not removed, @: 13°. Hevea 
rubber, grain removed, _|; 180, Hevea, grain removed, 
ww. 
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Improved water resistance of leather soles impregnated 
with natural rubber is demonstrated by Rene Oehler 
with a specially designed machine that simulates the 
flexing of a shoe sole in walking on a wet surface. As 
the leather strips are bent and pressed against a wet 
sponge, water penetrates the leather and is drawn into 


absorbent material in the test tubes. The first and third 
specimens are untreated leather; samples 2 and 4 have 
been impregnated with rubber. 


In the waterproofness test. the flexing of a sole in 
walking on a wet surface is simulated by a specially 
designed machine. which continuously bends leather 
specimens against a wet sponge. The time, or the 
number of bending cycles. required for water to pene- 
trate a specimen is taken as a measure of its water- 
proofness. The dynamic tests show that water trans- 
mission and absorption of rubber-treated leather are 
only 50 percent as much as untreated control specimens. 

Comparative tests showed that the abrasion resist- 
ance of vegetable-tanned crust leather is improved from 
50 to 100 percent. depending on the type of rubber 
treatment used. If the grain layer is split off prior 
to treatment of the body, the increased rubber penetra- 
tion results in better resistance to abrasion. The grain 
layer itself may become a valuable byproduct for up- 
holstery or other uses. 

The rubber-impregnating treatment was developed 
in the Bureau’s leather laboratory by Rene Oehler, 
Timothy J. Kilduff. and Sverre Dahl. Pilot plant stud- 
ies are under way to adapt the rubber-impregnating 
process to mass-production tannery operations. 
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Systematic variation of composition produced calcium- 
barium titanate dielectrics having widely different elec- 
trical properties. The range of values for dielectric 
constant, K, is shown on the ternary diagram for the 


system CaQO-BaO-TiO.. B=BaO, C=CaO, and T=TiO:. 


The relation of systematic variation in composition 
of ceramic dielectrics to their properties is being in- 
vestigated in the Porcelain and Pottery Section at 
the National Bureau of Standards. Such investiga- 
tions are necessitated by rapid developments in the 
field of electronics, which have introduced operating 
conditions too severe for electrical insulating mate- 
rials commonly used as dielectrics. Paper, for ex- 
ample, is a. satisfactory dielectric for some types of 
capacitors, but at elevated temperatures it chars and 
thus fails. In contrast, ceramic dielectrics not only 
withstand temperatures of 500° C and over but, more 
important, ceramic dielectrics having superior proper- 
ties make possible a reduction in the size of capacitors 
compared with those made of paper and mica. 

One step in the development of miniature capacitors 
is the fabrication of ceramics in the form of thin plates 
comparable in thickness to that of paper and mica. 


Linear thermal expansion, selected specimens of ceramic 


dielectrics 


Temperature range from 25° C to 
Specimen 
designation 


100° C | 200° C SOO? ¢ 400° C «500°C | 600°C | 700° ¢ 


Percent Percent Percent Percent Percent Percent Percent 


C21 0. 07 0. 18 0.30 0.42 0. 555 0. 68 0. 82 
CT 07 185 1 43 A 69 82 
C2T3 07 175 29 405 Al 63 75 
CT2 065 i 25 sy A) 62 7 

CTF Of 15 2. 4 5 t 

CB 055 lt 285 41 4 68 s 
BC26 06 | 265 f 475 8 ( 
6BC 055 l 2 if 7 6%. 
BC6 065 17 28 10 2 64 7¢ 
B2¢ 07 19 52 4 , 72 87 
BC 07 Is 4 47 60. 71 &. 
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Ceramic dielectrics that possess superior mechanical andfical fp 
through systematic variation in composition of the alkaligth titz 
mixed (beaker, foreground) and then dry-pressed (backgrojat 20, 
Capacitor plates (0.003 to 0.006 inch thick) thus formed arefd at t 


furnaces (directly back of control panel). Dr. G. R. Sheltom the « 
(Right) Bernard Jaffe is determining the performance prop§ of ex; 
subzero cabinet (lower corner). The dielectric constant o®citor 
found to range from 12,000 to 18,000 as the temperature inkbinet 


\ technique for dry-pressing and firing has been 
evolved in the production of small plates 0.003 to 0.006 
inch thick. The principal change in the conventional 
dry-pressing procedure involves special treatment of 
the mixtures of calcines and bonding agent. With re- 
duction in thickness of plates, it is essential that lumps 
in this mixture be broken up by passing it through a 
No. 50 sieve. The resulting powder may be distrib- 
uted in small quantities in the cavity of the hardened 
steel aaa to form a layer of uniform thickness. A 
pressure of 20,000 pounds per square inch on this layer 
of powder converts it into a plate a few thousandths 
of an inch thick. Despite their thinness, these plates 
are sufficiently strong to be ejected from the mold with- 
out cracking and also to be transferred without break- 
age to a sheet of glass for drying. When dry, the green 
plates are stacked and stored until needed for firing. 

In order to preserve the flatness of the plates during 
the firing procedure, some changes were necessary in 
the usual arrangement of the plates on the refractory 
supports. Excessive warpage invariably occurs if the 
plates are distributed a single layer on the plane 
surface of the refractory. Flat plates are obtained, 
however, when they are stacked on such a refractory, 
and the stacks are weighted with a refractory disk. 
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70% CaOd BaO 70% 
30% TIO2 Ti0e 30%. 


The various calcium-barium titanate dielectrics have 
been plotted on the ternary diagram to show their elec- 
trical properties (K, dielectric constant, and Q, recipro- 
cal of the power factor). Compositions designated © 
decrease in K and Q with time: ) decrease in K and 
increase in Q with time; (©) are stable. 


capacitance, temperature coefficient of capacitance, 
shape, and size. This in turn required specific prop- 
erties on the part of the ceramic dielectric. Several 
types of single plate and tubular capacitors, fabricated 
at this Bureau, have met the designers’ specifications. 
The selection of some of these dielectrics was based 
upon data recently obtained from the Bureau’s investi- 
gation of the properties of calcium-barium titanate 
dielectrics. 

Ceramic dielectrics are applicable to electronic signal 





al andfrical properties have been developed in Bureau laboratories 
alkaligth titanates. (Left) Batches of the titanates are thoroughly 
ackgrofat 20,000 pounds per square inch into extremely thin disks. 
ed arefd at temperatures of 1,250° to 1,530° C in automatic electric 
Sheltog the control panel, and A. S. Creamer is operating the press. 
‘e prop§ of experimental ceramic capacitors at low temperature in a 
tant o&citor plates prepared from barium-strontium titanates was 


ure infibinet was lowered to —60° C at 5-degree intervals. 


devices not only for the armed services, but also for the 
commercial production of radio, radar and television 


T sets. and hearing aids. Other investigators are exam- 
n lo prevent adherence at high temperatures, the stacked 4 It . jee Se eee y 5 
: . ining the uses of ceramic dielectrics in research prob- 
16 plates are separated from each other by thin layers of : ; : 
o = . i a Mate lems that involve very high voltage, X-rays. and instan- 
al air-floated zirconium dioxide. Firing for 1 hour at : Cegiamelio 
~ . . ° ° aneous pn yoTrapny. 
of 1.445° C results in matured plates, as indicated by less a een 
e- than 0.1 percent of water absorption. s ; . 
ps It is desirable that the capacitance of capacitors fab- Care and Repair ot the House 
a ricated from ceramic dielectrics should not be affected 
b- by oo aad temperature over a wide range, such An authoritative and practical guide for home- 
ed as — 60" to 200° C. Experimental capacitors assem- owners, Care and Repair of the House, has been 
A bled so far at this Bureau contain plates, 0.75 by V.i9 prepared by the expert staff cf scientists and engineers 
“ies by U.S inch, which — composed of a es of of the National Bureau of Standards. It presents 
hs barium-strontium titanates with peak values of 12,000 up-to-date information on the maintenance of houses 
es i dielectric ear (K) at 5-degree C inter- and on the most recent methods and materials for 
h. ‘ . s Such a«ce 2c have ; “ ae ° . < 
h vals from —60° to 120° C. Such a semblies have a repairs. This 209 page illustrated book discusses in 
ik- capacitance of 5 to 15 microfarads per cubic inch with simple terms the need for household repairs and the 
en a variation in capacitance of 11 percent for changes tools, materials, and methods required. 
'B: sehen sagen — 60° to 100° C. For eo Care and Repair of the House, Circular C489, is 
ng son, the dielectric constant of paper and mica is under available from the Superintendent of Documents, U. S. 
in 10, and the volume they require in ree for Government Printing Office, Washington 25, D. C. for 
ry equivalent duty is correspondingly larger. At 200 C, 50 cents a copy. Foreign orders must include an 
he however, the capacitance for the ceramic capacitors de- additional sum of one-third the publication price to 
ne creases to one-third the maximum value and the direct- cover mailing costs. 
d, current leakage becomes excessive. —_—__—_—— 
ry, In some instances, designers of electronic equipment ’ For further technical details, see Properties of calcium-barium titanate di- 
ee ; electrics, by E. N. Bunting, G. R. Shelton, and A. S. Creamer, J. Research 
sk. have called for the fabrication of a capacitor of given NBS 43, 237 (1949) RP2025" 
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Microwave radio signals decrease in intensity as 
they travel through the earth’s atmosphere because of 
absorption and scattering by oxygen, water vapor, or 
precipitation. The attenuation increases sharply for 
microwave frequencies above 10,000 megacycles, and 
quantitative information on this effect is important in 
the selection and allocation of microwave radio fre- 
quencies. Annual probability curves for the expected 
duration and magnitude of atmospheric attenuation at 
microwave frequencies for both 1-kilometer and 50- 
kilometer path lengths have now been obtained by How- 
ard E. Bussey at this Bureau. These attenuation sta- 
tistics have been derived from meteorological records. 
using accepted theoretical and experimental coefficients 
for converting rainfall values into radio attenuation 
values. 

Rainfall and water vapor are the only attenuating 
components of the atmosphere that have significant 
variations. The attenuation by oxygen for a given 
radio frequency is assumed to be constant, because 
daily and seasonal variations in pressure and tempera- 
ture alter the concentration of oxygen in the atmosphere 
only slightly. Water-vapor statistics for particular 
points are obtained from ordinary meteorological ob- 
servations. Because air masses are esse ntially homo- 
geneous in the horizontal plane, it is reasonable to as- 
sume that statistics of water-vapor concentrations 
along a path can be derived directly from observations 
at a point. The severest attenuation, however, is 
caused by rainfall. Such attenuation cannot be imme- 
diately calculated from rainfall rates at a single point. 
for rainfall intensities are not usually uniform in the 
horizontal plane. Previously there has been no defi- 
nite basis for using point rainfall data to calculate 
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This map shows the number of hours per year that 
rainfall of L inch per hour or more is found at various 
points in the United States. These figures apply also 
to 50-kilometer paths. A rate of | inch per hour results 
in attenuation of microwave signals at 10,000, 18,000, 
and 24,000 megacycles of 0.65, 2.1, and 3.7 decibels 


per kilometer, respectively. 
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Path Rainfall and the Attenuation of Microwaves 


attenuation for extended lengths of path. Now, an 
approximate relation of point data to instantaneous 
long-path data has been obtained. 

As a reasonable approximation, point rates have 
been treated as though they were path rates for dis- 
tances up to | kilometer. Thus, the hourly point rates 
of the U. S. Weather Bureau may be interpreted as 
mean, ]-hour, 1-kilometer path rates. However, hourly 
means of such a rapidly changing variable as rate of 
rainfall are not too useful, and effectively instantaneous 
rates are desirable. Fortunately, the Soil Conserva- 
tion Service of the Department of Agriculture has tabu- 
lated point rates in this form. These tabulations give 
the rates in successive intervals within which the rates 
are uniform. Approximately instantaneous path rates 
for a 1-kilometer path were readily derived from these 
data. 

To obtain rates on a longer path, it is necessary to 
obtain data from a dense, synchronized network of 
rain gages. The best of such data has been published 
by the Soil Conservation Service for the Muskingum 
area of Ohio. Successive half-hourly maps show the 
precipitation at approximately 450 rain gages in an 
area roughly 90 miles in diameter. Useful statistics 
for microwave radio-propagation purposes were ob- 
tained from these maps through the selection of definite 
paths for study. 

Since a 50-kilometer path-length was considered rep- 
resentative of microwave communication distances, 
two 50-kilometer paths at right angles to each other 
and intersecting approximate sh) as a “T”’ were selected 
for analysis. With the aid of a transparent overlay to 
locate these paths. mean 30-minute, 50-kilometer path 
rates were estimated for each path over a whole year. 
About 7.000 half-hourly maps made up the year’s data. 
and about 2.500 of these showed a trace or more of 
rain on each path. At the same time, mean 1-hour point 
rates were obtained by adding successive half-hourly 
depths. The duration of the path rates exceeds that of 
the point rates by about 12 percent at low rates, but 
for moderate and heavy rainfall the duration of point 
rates slightly exceeds that of path rates. 

\gain, instantaneous rather than mean path rates 
would be desirable, but instantaneous rates on a long 
path have not been observed. They can be obtained 
for these 50-kilometer paths by the same procedure used 
for a 1-kilometer path. On this basis, it is concluded 
that an annual distribution of 1l-hour point rates is 
nearly identical with an annual distribution of in- 
stantaneous 50-kilometer path rates. This is a useful 
result, especially so if it is found to hold in other loca- 
tions, for the hourly point rates available everywhere 
may then be readily interpreted in calculating attenua- 
tion over long radio paths. 

It does appear reasonable to extend this relation 
between mean point data and instantaneous path data to 
most locations at middle latitudes. Obviously some 
caution must be used in such an extrapolation; for ex- 
ample, where the annual rainfall depth shows a sharp 








horizontal gradient. as in mountainous terrain, a point 
would not be representative of a long path. 

An explanation of the empirical relationship de- 
scribed above immediately suggests itself. In Ohio. 
the average speed of translation of storms is some 45 
to 50 kilometers per hour. A rain gage on the ground 
would then effectively measure the rate in a slice out of 
a storm during any interval, the length of the slice be- 
ing proportional to the duration of the interval and 
the speed of the storm. If the ground rainfall pattern 
moving with the storm were constant with time, the 
measured water from any slice would yield the rainfall 
rate exactly. Actually the intensity pattern is chang- 
ing as well as moving. but hourly depths over a period 
of a year would still approximate the instantaneous 
path rates for, say, a 50-kilometer path if the speed 
50 kilometers per hour. It thus seems consistent to 
identify mean point. rates with instantaneous rates over 
appropriate lengths of path. One-minute point data 
represent 1-kilometer instantaneous rates. and 1]-hour 
point data represent 50-kilometer instantaneous rates. 
The same reasoning suggests that 10-minute point rates 
should apply to an 8-kilometer path, 30-minute rates to 
a 25-kilometer path, and so on. Different upper wind 
velocities will modify the length of path. and the pres- 
ent method may not apply in regions where storms are 
stationary. 

The time of day when rain will fall is of particular 
interest in commercial applications, and many studies 
give the diurnal variation of rainfall. Excessive rain- 
fall occurrences may be of special interest in studies of 
microwave propagation. Fortunately, statistics on ex- 
cessive rainfall are widely available. 


450r 











\ 






1 
Sa 
; 


300 


250 


200 


HOURS PER YEAR 


150 
100 


50 


° = 
10,000 20,000 


30,000 
RADIO FREQUENCY ,MEGACYCLES 


40,000 50,000 


The curves shown here give the expected number of 
hours per year that microwaves propagated over a 50- 
kilometer path near Washington, D. C., will encounter 
rainfall resulting in attenuation values of 10, 20, 30, 
40, or 50 decibels in the microwave frequency range 
from 10,000 to 50,000 megacyeles. Annual probability 
curves for the expected duration and magnitude of 
atmospheric attenuation at microwave frequencies have 
been obtained for both |-kilometer and 50-kilometer 
paths at the Bureau. 


Measurement of Bleeding in Portland 


Cement-W ater 


Accurate measurement of the bleeding of portland 
cement-water mixtures— identified with the appearance 
of water at the surface of such mixtures—has long been 
a problem to the materials engineer. By means of an 
apparatus rece ‘ntly developed in the Bureau's concret- 
ing materials laboratory by R. Valore. Jr.. in collabora- 
tion with J. E. Bowling and R. L. Blaine. this impor- 
tant property of cement pastes, mortars. and concretes 
may now be measured directly and continuously within 
the range of practicable water-cement ratios.” Mcre- 
over the equipment, which is of inexpensive and simple 
construction, provides highly reproducible bleeding 
data. regardless of the experience of the operator. 

The b leeding of freshly mixed neat cement pastes. 
mortars, and concretes results from the consolidation 
of the mass of suspended solids, due essentially to gravi- 
tational forces. In its most troublesome form. bleed- 
ing occurs at rates sufliciently high to produce “chan- 
neling’; the water then moves through vertical chan- 
nels to the surface with such force that appreciable 


‘For further technical details, see ASTM 1949 Preprint No. 44. The direct 
and continuous measurement of bleeding in portland cement-water mixtures, 
by Rudolph C. Valore, Jr., James E. Bowling, and R. L. Blaine; this paper 
was presented at the 52d annual meeting of the American Society for Test 
ing Materials and will appear as a part of the ASTM Proceedings for 1949. 


Mixtures 


quantities of very fine cement particles are carried 
suspension. Deposited at the channel openings on the 
surface of a concrete, these particles hold sufficient wa- 
ter to form a paste of high water-cement ratio, which, 
when the material has hardened. constitutes a plane 
of weakness. 

High bleeding rates may also account for water pock- 
ets and loss of bond at the underside of coarse aggre- 
gate restricted from settlement, as in narrow forms. 
and at the underside of horizontal reinforcement. A 
moderate amount of bleeding. however, facilitates fin- 
ishing operations. such as screeding or troweling. 
whereas in the fabrication of cement. products such as 
abestos shingle or spun concrete pipe. freely bleeding 
mixtures are most desirable. 

The new apparatus permits the collection of bleed- 
ing water from a selected area on the upper surface of 
a cement-water mixture. A liquid, such as carbon tet- 
rachloride, having a specific gravity intermediate be- 
tween that of water and the cement-water mixture, is 
used as a displacement medium. It is imperative that 
the liquid medium be immiscible with water and not 
react with the constituents or hydration products of 
portland cement. When such a liquid is placed over 
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the sample of the cement-water mixture, bleeding water 
appearing at the surface of the mixture will rise through 
the liquid. In the present apparatus the bleeding water 
rises into a burette for measurement, while the head 
of liquid bearing upon the surface of the sample does 
not exceed 0.75 inch. 

Parallel series of tests have been made upon cement 
pastes prepared with several brands of portland cement. 
using the liquid displacement apparatus, and by meas- 
uring the subsidence of a float placed upon the paste 
surface. The curves obtained when bleeding and sub- 
sidence were plotted against time were of a similar na- 
ture. illustrating the previously known dependence of 
bleeding upon the settlement of the solid particles. 

The liquid displacement method was also found sat- 


isfactory for testing concretes. Bleeding rates calcu- 





lated for the paste constituent in concretes varied from 
42 percent higher (for concrete containing 4.6 bags 
cement per cubic yard) to 13 percent lower (for con- 
crete containing 8.9 bags cement per cubic yard) than 
rates determined for neat pastes of corresponding water- 
cement ratios. For the same range of mixes, bleeding 
capacities for the paste constituent in concretes ranged 
between 79 percent (for the lean mix) and 70 percent 
(for the rich mix) lower than capacities determined for 
neat pastes of corresponding water-cement ratios. 
Considering concrete simply as a neat paste with ag- 
gregate added, the effect of the aggregate upon the ca- 
pacity of the paste to bleed was seen to be a highly ar- 
restive one. 

As a result of the Bureau’s investigations, it was 
concluded that previously used bleeding tests for con- 





INCHES 


The bleeding of a portland cement-water mixture is being measured (left) by James E. Bowling, using the liquid 


displacement apparatus developed at the Bureau for this determination. 


right) is poured over the cement-water mixture (B). 


Carbon tetrachloride (F) (diagram, 


A light-weight metal collecting ring (D) is then placed in the 
center of the sample and the funnel-burette assembly (£) is lowered to within a quarter inch of the ring. 


The 


carbon tetrachloride is drawn up in the burette to a predetermined level by means of the aspirator (J), and the 
stopcock (1) is closed. Bleeding water rises and displaces the carbon tetrachloride at the top of the liquid column 


(G). 
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crete, which yield values for bleeding capacity only, 
and without reference to corresponding neat pastes, 
may furnish misleading results. Should the tendency 
of the aggregate to arrest bleeding be compensated by 
bleeding in the interior of a concrete, the hardened ma- 
terial may be adversely affected. The more useful 


data would appear to be the evaluation of the arrestive 
effect, which would require testing not only the con- 
crete, but also a neat paste having the same water- 
cement ratio, by a continuous and _ reproducible 
method. 
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